or mixed (MultiMode ESI/APCI) ionization mode. Optical rotations were measured on a Jasco P-2000 polarimeter using a 100 mm path length cell at 589 nm. Aminoalcohol S3: To a suspension of Trizma•HCl (S2, 45.0 g, 286 mmol, 1.00 equiv) in DMF (365 mL) were added cyclohexanone dimethyl ketal (S1, 50.0 mL, 329 mmol, 1.15 equiv) and p-toluenesulfonic acid (1.63 g, 8.57 mmol, 0.03 equiv) in one portion with stirring. After 17 h, a distillation apparatus was attached directly to the reaction flask and the volatiles were distilled off (75 °C/6 torr). The semisolid residue was triturated with Et 2 O (700 mL) until white solid precipitated. The resulting heterogeneous solution was filtered, washed with EtOAc (4 x 100 mL), and dried under high vacuum (0.50 torr) to afford a white solid.
Experimental Procedures
To a portion of the resulting crude white solid (19.7 g, 82.9 mmol, 1.00 equiv) as a suspension in EtOAc (276 mL) was added Et 3 N (13.9 mL, 99.4 mmol, 1.20 equiv) dropwise with stirring. After 11 h, the reaction mixture was filtered, the solids washed with EtOAc (4 x 20 mL) and resuspended in EtOAc (150 mL) to which Et 3 N (5.0 mL, 35.9 mmol) was added dropwise. The suspension was stirred for 48 h and then filtered and the solids were washed with EtOAc (4 x 120 mL). Combined organic filtrate was concentrated in vacuo to give aminoalcohol S3 (16.68 g, 94% yield from S2) as a white 
S4 S3
Dioxanone S4: Aminoalcohol S3 (14.7 g, 73.0 mmol, 1.00 equiv) was dissolved in a solution of KH 2 PO 4 (11.9 g, 87.6 mmol, 1.20 equiv) in H 2 O (243 mL) and cooled to 0 °C (ice/water bath). To the resultant stirred homogenous solution was added a solution of NaIO 4 (15.6 g, 73.0 mmol, 1.00 equiv) in water (243 mL) dropwise over 2.5 h through a 250 mL additional funnel. The reaction was then allowed to stir at temperature for 40 minutes before being allowed to warm to ambient temperature. The starting material was consumed after an additional 4 h as determined by TLC. Na 2 S 2 O 3 •5H 2 O (18.1 g, 73.0 mmol, 1.00 equiv) was then immediately added in one portion. The solution was allowed to stir for 40 minutes at which time the reaction mixture was extracted with CH 2 Cl 2 (11 x 150 mL). Combined organic layers were dried over Na 2 SO 4 , filtered, and concentrated in vacuo (26 °C/100 torr) to afford dioxanone S4 (12.4 g, >99% yield) as a pale yellow oil.
This compound was carried to the next step without further purification: R f = 0. 
S5 S4
Methyldioxanone S5: A solution of dioxanone S4 (12.4 g, 73.0 mmol, 1.00 equiv) in toluene (243 mL) was charged 4 Å molecular sieves (14.9 g, 1.20 equiv by mass) and cyclohexylamine (16.2 mL, 142 mmol, 1.94 equiv). After 13 h, the reaction mixture was filtered over celite, rinsing with toluene, and concentrated in vacuo to give the crude cyclohexylimine.
In a separate three-neck flask with an internal temperature probe, a solution of freshly prepared lithium diisopropylamine (LDA, 0.60 M in THF, 1.00 equiv) was cooled to -78 °C (dry ice/isopropanol bath). To the solution of LDA was added crude cyclohexylimine as a solution in THF (73 mL) dropwise through a cannula with an overpressure of argon. After 5 minutes, the reaction flask was introduced to a -15 °C bath (ice/methanol) and after 1.75 h was cooled back to -78 °C. To the reaction mixture was then added methyl iodide (4.77 mL, 76.7 mmol, 1.05 equiv) at a rate of 2.00 mL/h with a syringe pump, ensuring the internal temperature did not exceed -70 °C. Upon completion of addition, the reaction was allowed to stir for 30 minutes before being allowed to slowly warm to ambient temperature. Upon reaching ambient temperature, the reaction was quenched with saturated NH 4 Cl (150 mL) and stirred for 14 h. The reaction mixture was then extracted with Et 2 O (4 x 150 mL). Combined organic layers were then washed with water (50 mL), brine (50 mL), dried over Na 2 SO 4 , filtered, and concentrated in vacuo to afford an orange-tan oil. Purification of this residue by flash chromatography (10% Et 2 O in hexanes eluent) furnished methyldioxanone S5 (9.77 g, 73% yield) as a (1.440 g, >99% yield) as a white, viscous, opaque oil which was immediately subjected to the subsequent reaction conditions without further purification. 
26
Allylic alcohol 27: To a pale yellow solution of cyclopentenone cyclohexyl ketal 26 (0.840 mg, 3.78 mmol, 1.00 equiv) in THF (38 mL) at -78 °C was added a solution of DIBAL (1.35 mL, 7.56 mmol, 2.00 equiv) in THF (7.6 mL) dropwise. After 30 minutes, the gold reaction mixture was removed from the bath and allowed to warm slowly. After an additional 30 minutes, the consumption of starting material was complete as determined by TLC (4:1 hexanes:EtOAc eluent) and the reaction mixture was cooled to 0°C
. The reaction was subsequently quenched with a 1:1 solution of saturated NH 4 Cl and saturated Rochelle's salt (35 mL) dropwise, vigorously evolving gas on the first drops.
The mixture was then diluted with CH 2 Cl 2 (250 mL) and water (30 mL). The aqueous layer was the extracted with CH 2 Cl 2 (3 x 60 mL). Combined organic layers were dried over Na 2 SO 4 , filtered, and concentrated in vacuo to provide crude allylic alcohol 27 (0.848 g, >99% yield) which was used without further purification. were added MeOH (68 mL) and HC(OMe) 3 (3.35 mL, 30.6 mmol, 9.00 equiv). The reaction mixture was cooled to 0 °C (ice/water bath) with stirring, at which time the addition of fumaric acid (0.988 g, 8.51 mmol, 2.50 equiv) was accomplished in one portion. After 10 minutes, the reaction was removed from the cold bath and immediately introduced to a preheated 35 °C oil bath. After 18 hours, the consumption of starting material was complete as determined by TLC and the reaction was allowed to cool to ambient temperature. The reaction mixture was diluted with EtOAc (150 mL) and poured over saturated NaHCO 3 (150 mL). The aqueous layer was extracted with EtOAc (3 x 150 mL). Combined organic layers were washed with brine (100 mL), dried over 
